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(57) Abstract An RF interconnect is incorporated in RF module packages (50) for direct attachment onto a mulri-Iayer P WB (100) 
using compressible center conductor (fuzz button) interconnects. The module has ciicuirry operating at microwave frequencies. The 
module package includes a metal housing (52) including a metal bottom wall structure (54). The module includes a plurality of 
RF interconnects, which provide RF interconnection between ihc package (50) and the PWB (100). Each interconnect includes a 
feedthrough center pin (72) protruding through an opening formed in the meta) bottom wall, with isolation provided by a dielectric 
feedthrough insulator (74). The center pin Is surrounded wi th a ring of shield pins (76) attached to the external surface or ihc bottom 
wall of the module housing. The pins are inseriablc in holes (116a, i lob) formed in the PWB (100). and make contact with fuz* 
button interconnects (130. 132) disposed in the holes (116a. llfib). Circuitry ( U8, 150) connects the fuzzbuaon interconnects (130, 
132J to appropriate levels (120, 122, 124> of the PWB signal conduction. 
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low COST, LARGE SCALE RF HYBRID PACKAGE FOR SIMPLE 
ASSEMBLY ONTO MIXED SIGNAL PRINTED WIRING BOARDS 

TECHNI CAT ,_F T FXD OF THE INVENTION 

This invention related to microwave circuits, and more 
particularly to RF interconnect techniques. 

BACKGROUND OF THE DISCLOSURE 

Known techniques for interconnecting MIC (Microwave 
Integrated Circuit) modules directly onto RF printed wiring 
boards (PWBs) includes coaxial cables or ribbons and 
connectors- The disadvantage to these techniques are size, 
weight r and cost . There are also reliability issues due to 
coefficient of thermal expansion (CTE) mismatches associat- 
ed with the different packaging materials when direct 
solder and epoxy attach is used co mount these modules onto 
a PWB, 

SUMMARY OF ?HE DISCLOSURE 

This invention offers a new, robust, serviceable and 
compact approach to microwave packaging . Separate and 
individual MIC modules can now be easily mounted and 
removed vertically, saving valuable real estate and height. 
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An RF interconnect is incorporated in RF module 
packages for direct attachment onto a multi-layer PWB using 
compressible center conductor {fuzz button) interconnects. 
The module has circuitry operating at microwave frequen- 
5 cies. The module package includes a metal housing includ- 

ing a metal bottom wall structure. The module includes a 
plurality of RF interconnects, which provide RF intercon- 
nection between Che package and the PWB. Each interconnect 
includes a feedthrough center pin protruding through an 

10 opening formed in the metal bottom wall, with isolation 
provided by a dielectric feedthrough insulator. The center: 
pin is surrounded with a ring of shield pins attached to 
the external surface of the bottom wall of the module 
housing. The pins are insertable in holes formed in the 

15 PWB, and make contact with' fuzz button interconnects 

disposed in the holes. Circuitry connects the fuzz button 
interconnects to appropriate levels of the PWB for ground- 
ing and RF signal conduction. 



2 0 BRIEF DESCRIPTION OF THE DRAWING 

These' and other features and advantages of the present 
invention will become more apparent from the following 
detailed description of an exemplary embodiment thereof, as 
25 illustrated in the accompanying drawings, in which: 

FIG. 1A is a bottom external view of a multifunction 
RF module package embodying aspects of the invention. 
FIG. IB is a side, partially-broken away view of the module 
package of FIG. IB. FIG. 1C is a top view of the module 
30 package of FIG. 1A. 
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FIG. 2 is an isometric cross-sectional view illustrat- 
ing an RF interconnect in accordance with aspects of the 
invention. 

FIG. 3 is a schematic view of an RF center pin sur- 
5 rounding by RF ground pins, in accordance with an aspect of 

the invention. 

. FIG * 4 is an exploded cross -sectional view of an RF 
module package and a mixed signal multi -layer PWB, illus- 
trating the interconnection of these structures. 
10 FIG. 5 is a view similar to FIG , 4, but showing the RF 

module package interconnected with the PWB structure. 

FIG. 6 is a top view of a stripline conductor trace 
surrounded by RF ground pads and plated through holes . 

15 DETAILED DESCRIPTION OF THE DISCLOSURE 

In accordance with an aspect of che invention, an RF 
interconnect is incorporated in large multifunction RF 
module hybrid packages for direct board attachment onto a 

20 mixed signal multi-layer PWB using compressible conductor 

(fuzz button) interconnects. The module hybrid package 
typically contains one or more hybrid circuits, i.e. active 
devices mounted on a substrate, in turn mounted in the 
package housing. The module hybrid package operates at 

25 microwave frequencies. The interconnect in accordance with 
aspects of the invention provides highly reliable connec- 
tion at elevated temperatures, and does not require use of 
coaxial cables and connectors. 

FIGS. 1A-1C depict an exemplary embodiment of a module 

3 0 package 50 embodying che invention. The package 50 in- 

cludes a metal housing 52 including a metal bottom wall 
structure 54, with one or more hybrid circuits positioned 
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within. The housing has protruding from the bottom wall an 
interconnect strip of conventional DC signal pine 60, for 
mating with corresponding DC connector terminals. 

The module 50 further includes a plurality of RP 
5 interconnects 70 in accordance with the invention, which 

are adapted to provide RF interconnection between the 
package 50 and a multi-layer PWB, In an exemplary embodi- 
ment , each RF interconnect 70 includes a standard 50 ohm 
feedthrough center pin 72 (FIG. 2) protruding through an 

10 opening 54A formed in the metal bottom wall 54. The pin 72 

is secured in the opening and isolated from the metal wall 
by a glass feedthrough insulator 74. The pin 72 is sur- 
rounded with a ring of smaller shield pins 76 attached to 
the external surface 54B of the bottom wall 54 of the 

15 module housing 52, The pins 76 are arranged about the 

center pin to provide an RF shield about the pin 72; and in 
this exemplary embodiment are brazed directly to the metal 
wall 54, while the center pin 72 extends from the 50 ohm 
glass feedthrough 74. 

20 In an exemplary embodiment, four to eight of the 

smaller pins 76 are disposed around the RF signal pin 72 to 
assure good ground contact and shielding for operation into 
the microwave frequency range up co C-band. This is accom- 
plished by choosing the diameter and spacing of the pins 76 

25 surrounding the center pin extending for the 50 ohm 

feedthrough as illustrated in FIG. 3 for the cases of the 
RF center pin 12 surrounded by four RF ground pins 76 for 
shielding, Thus, for the case of a center pin 72 having a 
diameter d, and the four pins 76 are spaced at distance D 

30 from adjacent shield pins on the corners of a square, the 

characteristic impedance of the RF interconnect, is given 
by: 



PAGE 15/31 * RCVD AT W17/20O5 1 1 :47:11 AM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/31 * DNIS:2738300 * CSID:612 331 7401 * DURATION (mm-ss):0644 



08/17/2005 10:51 FAX 612 331 7401 
WO 03/019999 



IPLM GROUP, P. A. 



PCT/TJS02/2G370 



(gioie 



5 



Z 0 m <l73/e l/2 )loglO<D/0.933d) ( 
for d < D. 

See, "Reference Data for Engineers: Radio, Electron- 
5 ics, Computers and Communications, " Seventh Edition, Howard 

S. Sam & Company,- 1985. Additional RF ground pins 76 can 
be used to surround the RF center pin for improved shield- 
ing. These cases can be modeled using available software 
tools to determine the dimensions for 5Q ohm transmission 

10 line. These software tools include Hewlett Packard HFSS, 

Sonnet and Ansoft Eminence. 

This technique is different from the conventional ball 
grid array (BGA) and pin grid array (PGA) packages whose 
sphere and pins are attached to a dielectric substrate. 

15 This module package eliminates the need for coaxial connec- 

tors and coaxial cables for the RF j interconnection* 
Another advantage is that the mounting and attachment of 
the RP and DC/Signal interconnect uses the same assembly 
process so that all the interconnects can be .attached 

2 0 simultaneously. This invention provides a superior inter- 

connect approach to conventional gold bonding operation. 

On the PWB side, compressible wire, or " fuzz button/ u 
interconnects offer a simple, inexpensive, and test - friend- 
ly connection technique in comparison to the use of conven- 

25 tion coaxial connectors to interface the PWB. In an 

exemplary embodiment, the fuzz button interconnects are 
fabricated of densely packed thin gold plated wire, in a 
generally cylindrical configuration to fit into holes 
drilled into the PWB. The fuzz button interconnects can be 

30 smaller and lighter than commercial coaxial connectors, and 

can be packaged more densely. This technique also enables 
the package to be field removable and replaceable. An RF 
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gasket may be needed to absorb the z-axis CTE mismatch, but 
this is inexpensive and easy to obtain. Fuzz buttons have 
been tested up to 8 W of input power but can potentially 
handle much higher levels, 
5 The fuzz button interconnects are inserted into pre- 

drilled holes 116A, 116B within the integrated RF/DC or 
mix€*d signal PWB 100, as shown in FIG. 4. The PWB 100 
includes a plurality of PWB layers, in this example layers 
102-114. The layers include layers of dielectric material 

10 such as Duroid (TM) , a glass-woven Teflon (TM) material, 

polyirnide or epoxy glass. The layers can be fabricated of 
different materials, depending on the frequency range of 
the signals carried in the different layers, with Duroid 
(TM) preferable for high frequency operation. The bottom 

15 two layers 114, 112 define a atripline transmission line, 

including the lower and upper stripline ground planes 120, 
122 formed respectively on the bottom surface of layer 114 
and the top surface of layer 112. An RF conductor trace 
124 is formed on the top surface of layer 114, to provide 

2 0 the stripline conductor trace. An opening 122A is formed 

in the upper ground plane 122, where an RF interconnect 
terminal is formed. The holes 116A and 116B are drilled in 
the PWB layers to a depth extending to the top surface of 
PWB layer 110. Disposed within each hole is a fuzz button 

25 interconnect structure. Thus for the center pin 72, fuzz 

button interconnect structure 130 is inserted into the hole 
116A. For the shield pins 74, fuzz button interconnect 
structures 132 are respectively disposed in the holes 116B. 
For the DC signal pins, a hole 140 is drilled into the PWB 

30 100 to the top surface of layer 110, and a fuzz button 

interconnect structure is inserted into the hole 140. At 
the bottom of each drilled hole is a conductor pad formed 
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on the top surface of layer 112. Thus pad 136 ia formed on 
the layer 112 at the hole 116A, and pads 13 8 are formed on 
the layer 112 in registration with the holes 1X6B. Pad 144 
is formed on the layer 110 in registration with hole 140. 
5 Each pad is connected to a plated through hole going to 

various layers within the PWB. At the various PWB layers 
are .the DC/signal lines 146, DC powerplanes (i.e. a layer 
of copper or other conductor to. which a voltage is ap- 
plied) , RF groundplanea 120, 122, and RF transmission lines 

10 124. Pads 133 are connected to ground planes 122, 120 by 

plated through holes 148. Pad 136 is connected to the RF 
transmission line 124 by plated through hole 150. The DC 
signal pad 144 is connected to DC conductor trace 146 by 
plated through hole 152. 

15 The package 50 can be mounted onto the PWB 100 using 

a variety of techniques, including adhesive film 160 as 
shown in FIGS. 4-5, mechanical clamps and threaded fasten- 
ers. The film 160 has a plurality of clearance holes 162 
formed therein to receive therethrough the pins 60, 72, 76 

20 when the package 50 is assembled to the PWB 100. 

FIG. 5 is similar to FIG. 4, but illustrates the 
package 50 in an inserted, fully assembled state relative 
to the PWB 100. The tips of the pins SO, 72 , 76 are 
brought into contact v/ith the ends of the fuzz button 

25 interconnects 130, 132, 142, making electrical contact 
therewith. The package 50 is secured to the PWB 100 by the 
adhesive film 160, which is preferably a double-sided 
adhesive layer structure. 

The stripline conductor trace 124 on the top surface 

30 of layer 114 is not in contact with the RF ground plated 

through holes 148 on pads 138, but is routed between them 
as shown in FIG. 6. Here the RF conductor pad 136 
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contacting the RF center conductor plated through hole 150 
is routed between the ground pads 13 8 and plated through 
holes 148 . 

The interconnect technique involves inserting the 
5 pins from the RF/DC module into the pre-drilled holes of 

the PWB containing the fuzz button interconnects. The pins 
compress the fuzz button contact against the conductor pad 
within the PWB and completing the connection to the various 
RF and DC/signal layers as shown in FIG .i 5. 

10 This new interconnect approach with this RF module 

hybrid package eliminates the need for coaxial connector 
and coaxial cables for the RF interconnection interfacing 
the PWB. Another advantage ia that the mounting and 
attachment of the RF and DC/Signal interconnect uses the 

15 same assembly "process so that all the interconnects can be 

attached simultaneously. 

Fuzz button interconnects offer a simple, cheap, and 
test friendly connection method* They are smaller and 
lighter than commercial coaxial connectors, and also allow 

20 the RF module hybrid package also known as MIC (Microwave 

Integrated Circuit) package to be field removable and 
replaceable , 

An exemplary use is to carry RF signals between MIC 
modules directly attached to a RF PWB, providing advantages 

25 including low loss, minimal space, low cost, single mode 

transmission, and vertical transition. Applications can 
include vertical interconnects between stacked and remov- 
able RF assemblies, which can be found in receiver/excit- 
ers, communication subsystems, and other microwave cir- 

30 cuits. Such circuits can be found in radar systems, 

satellites, microwave automobile electronics, missiles 
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systems, and other applications where size is important 
(e.g. cellular phones). 

It is understood that the above-described embodiments 
are merely illustrative of the possible specific embodi- 
5 ments which may represent principles of the present 

invention. Other arrangements may readily be devised in 
accordance with these principles by those skilled in the 
art without departing from the scope and spirit of the 
invention. s 
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CLAIMS 

What ig claimed is : 

1. An RF electrical assembly, comprising: 
an RF package (50) comprising: 

an external housing (52) including a v/all struc- 
ture (54) having an interconnect opening (54 A) formed 
5 therein; 

an electrically conductive feed- through pin 
structure mounted in the interconnect opening, the pin. 
structure including an elongated electrically conduc- 
tive center pin (72) supported on a dielectric spacer 
10 element (74) in the interconnect opening, the center 

pin having an interior end disposed within the housing 
for connection to RF circuitry, and a distal end for 
interconnection with an interconnection structure 
external to the RF package; 
15 a plurality of electrically conductive shield 

pins (76) connected to the wall structure and extend- 
ing outwardly from the housing and disposed to sur- 
round an external portion of the center pin to form a 
coaxial shield structure; and 
20 a multi-layer printed wiring board (PWB) (100) elec- 

trically connected to the RF package through said pin and 
coaxial shield structure, the PWB including: 

a center pin hole (116A) formed through a first 
surface to a first predetermined depth ; 
25 a plurality of shield pin holes (116B) formed 

through said first surface to a second predetermined 
depth; 
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a center pin compressible wire interconnect 
structure (130) disposed in said center pin hole to 
30 make electrical contact with a distal tip of the 

center pin when the package is assembled to the PWB; 

a plurality of shield, pin compressible wire 
bundle interconnect Structures (132) disposed in Baid 
shield pin holes to make electrical contact with 
35 respective distal tips of the shield pins when the 

package is assembled to the PWB . 

2. An assembly according to Claim 1, wherein the. 
compressible wire bundles (130, 132) are fabricated of 
densely packed thin gold plated wire. 

3. An assembly according to Claim 1 or Claim 2, 
wherein the first predetermined distance is equal to the 
second predetermined distance. 

4. An assembly according to any preceding claim, 
wherein the package further includes at least one DC signal 
pin (SO) extending through the wall structure and having an 
interior end for connection to a DC circuit within the 

5 housing and an exterior end extending away from the wall 
structure for connection to a DC interconnect structure on 
the PWB. 

I 

5. An assembly according to Claim 4, wherein the DC 
interconnect structure includes a DC pin hole (140) formed 
through the first surface of the PWB to a third predeter- 
mined depth of said PWB, and a DC pin hole compressible 

5 wire bundle interconnect structure (142) disposed in said 
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pin hole to make electrical contact with the distal tip of 
the DC pin when the package is assembled to the PWB. 

6. An assembly according to any preceding claim, 
wherein the PWB includes an RF stripline transmission line 
defined by first and second ground plane conductive layers 
(120, 122) sandwiching a stripline conductor (124) and 

5 intervening dielectric layers (112, 114), and wherein said 

center pin compressible wire interconnect structure is in 
contact with a conductive pad or trace (13 6) in turn 
electrically connected to said stripline conductor, and 
said shield pin compressible wire bundle interconnect 
10 structures are each in contact with a conductive pad or 

trace (138) in turn electrically connected to each of said 
first and second ground plane structures* 

7 . An assembly according to any preceding claim, 
further including an attachment structure (90) for securing 
the RF package to the PWB when the package is assembled to 
the PWB* 

8. An assembly according to Claim 7, wherein the 
attachment structure includes an adhesive layer. 

9. An assembly according to any preceding claim, 
wherein the housing is a metal housing. 

10. An assembly according to any preceding claim, 
wherein the RF package includes a plurality of said RF 
interconnects, and the PWB includes for each RF intercon- 
nect a corresponding center hole pin, plurality of shield 

5 pins holes, center pin compressible wire interconnect 
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structure, and shield pin compressible wire bundle inter- 
connect structure, and circuitry connecting the compress- 
ible conductor interconnect structures to appropriate 
levels of the pwb for grounding and RF signal conduction. 
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